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INTRODUCTION 
The determination of the steps involved in different stages 
of protein synthesis, especially messenger RNA interaction with 
the ribosomal particles, has recently become an exciting area of 
research. These efforts have led to the investigation of post- 
transcriptional modifications of the messenger RNA (mRNA), 
specifically polyadenylation and méthylation, and the actual 
isolation and identification of ribosomal and non-ribosomal 
species involved in the intitiation of protein synthesis.^- ^ 
The characterization of mRNA has revealed unique properties 
of this ribonucleic acid. Its 3*-terminus in most eukaryotes is 
rich with a sequence of adenylic acid residues called the "poly A 
tail." This 150-200 purine sequence apparently serves to trans¬ 
port the molecule through the nuclear membrane and to aid in the 
molecule's stability by adding resistance to degradation by ribo- 
2 
nucleases. The 5'-terminus of the molecule in all cellular 
eukaryotes and in some viral systems contains a unique sequence of 
a 7-methylguanosine moiety attached through its 5'-hydroxyl group 
via a triphosphate to the 5'-hydroxyl group of a ribose methylated 
nucleotide (Fig. 1).^ ^ Some studies have shown an absolute 
8 11 
necessity for this "cap” structure in protein synthesis, * 
while other studies show no essential requirement for this unique 
12 
sequence. 






Fig. 1. The 5'-terminal end of eukaryotic mRNA. The nucleoside 
7-methylguanosine is attached by an unusual S’-S1- 
triphosphate linkage to a base indicated as N’. This 
terminus is called Cap 0. 
3 
that involves activation, initiation (10 initiation factors), 
translocation, elongation, and termination - each a biochemical 
process unique in its own right. Initiation is very dynamic and 
presently under close scrutiny. It begins with the dissociation 
13 14 
of the 80S ribosomes into subunits, * for which the 
multicomponent, eukaryotic initiation factor three (eIF3), may be 
responsible (Fig. 2). One problem that has not been solved is how 
the mRNA binding site on the 40S ribosomal subunit is consistently 
recognized by the mRNA and the fidelity of translation insured. 
The specie(s) involved and the mechanism(s) by which the specie(s) 
act are essentially unknown. One hypothesis implicates the 40S 
subunit as a macromolecular scanner,that scans the mRNA until 
one of the initiation factors associated with the 40S subunit 
binds to the "cap" structure and the proximal AUG-initiation 
codon. All of the eIF3 protein components bind to the 40S 
14 
ribosome in the absence of other initiation factors. None of 
the other initiation factors bind to 40S subunits in the absence 
14 
of other initiation components. In the absence of all 
16 j \ 
initiation factors the 40S subunits tend to form dimers. [Mg ] 
also is critical in the prevention of 40S subunit dimerization. 
In a parallel set of reactions the initiator tRNA 
(Met-tRNA^Met) forms a stable ternary complex with GTP and 
13 14 
eIF2. * GDP is a potent inhibitor of the ternary complex 
formation. Other factors may affect complex formation but it is 








not. It is believed that the Met-tRNA-eIF2-GTP ternary complex 
binds to the AOS subunits in the absence of other components of 
initiation. The factors, eIF3 and elFAC, enhance this binding in 
a yet undetermined manner.^ 
Stable binding of the mRNA is promoted by elFAA and elFAB and 
needs the other components described in Fig. 2. In addition, 
mRNA binding, in an unknown manner, requires ATP, which is 
hydrolyzed. mRNA is released from the ribosome if any of the 
factors are omitted or if ATP is replaced by a non-hydrolyzable 
analogue. Binding of the preformed 40S complex with the 60S 
subunit requires the presence of eIF5 with the hydrolysis of GTP 
to GDP + Pi. Initiation factor two, eIF2, and eIF3 are released 
at this time and it is not clear whether the hydrolysis of GTP and 
release of eIF2 and eIF3 occur before or after the joining of the 
subunits. Perhaps the use of the energy of hydrolysis is to 
facilitate the removal of initiation factors from the surface of 
13 14 
the 40S subunit to allow joining with the 60S subunit. * 
Eukaryotic messages appear to differ in their requirements 
for certain initiation factors, providing a potential regulatory 
mechanism for translation.^ An initiation message discrimination 
is observed when an excess message is included in the translation 
assay and several different mRNAs are simultaneously 
17 18 
translated. * Under these conditions the message which has the 
highest initiation efficiency interacts more effectively with a 
limiting component of the initiation machinery than the other 
6 
messages. The efficiencies of translation of each message, taken 
17 18 
individually, are very similar. ’ If the limiting component is 
added in sufficient quantities, this message competition is 
relieved. Crude initiation factors, eIF4B and, to a lesser 
17 18 
extent, eIF4A * have all proven to be limiting components and 
can possibly be implicated in the early critical steps of 
initiation. 
Other investigators have found, using membrane filter binding 
assays, that [^H]-methylated-GPPPGm binds to high salt wash 
19 
fractions of eukaryotic ribosomes and that purified reticulocyte 
20-24 
initiation factors IF-2, IF4B and IF5 bind to capped mRNA. 
22 
The capped encephalomyocarditis virus RNA, was inhibited by the 
"cap" analog, m^GMP. These observations suggest that IF4B is one 
21 
initiation factor that recognizes and binds to the "caps." 
In the laboratory of Dr. Joe Johnson, research by Dr. N. K. 
Bose and Dr. Larry L. Lowe shows that various cap analogs, such as 
7 8 
GppA, GppG, GpppG, GppppG, GpppppG, m GMP and N^GMP, when added to 
a standard optimal protein-synthesizing assay, quantitatively 
inhibit protein synthesis. This, along with other recent results, 
may be an indication that the cap binds specifically to initiation 
25 
factors during the initiation of protein synthesis. Since non- 
ribosomal protein, ribosomal protein and ribosomal RNA are 
involved in the initiation complex formation, all of these species 
are open for analysis and each can be implicated in the primary 
interaction. The presence of the methyl group on the terminal 
7 
"cap” promotes formation of stable initiation complexes between 
mRNA, tRNA, initiation factors, and the ribosomal 40S 
27 28 7 
subunit. * Removal of the m GMP from capped mRNAs reduces 
ribosomal binding and unmethylated mRNAs are less effective at 
8 29-30 
directing protein synthesis than are the methylated mRNAs. * 
Some experimental evidence for the participation of ribosomal 
proteins in mRNA binding comes from many different approaches 
including chemical modification of ribosomes, functional studies 
correlating ribosomal protein content with the ability to bind 
31-37 
mRNA, and affinity labelling. One of several photoaffinity 
probes synthesized in our lab (by Dr. N. K. Bose) is of particular 
importance in this study because photoaffinity labelling is the 
primary method of labelling ribosomal proteins or some other 
14 
components of the initiation complex. C-labelled methylated 
8-azido guanosine monophosphate ([^^C]-m^N^GMP) was synthesized by 
Dr. Bose or under his direction and has been used in translation 
and photoaffinity binding studies. As one of the "cap” analogs 
tested by Dr. Larry L. Lowe, also in our lab, [^CJm^N^GMP showed 
quantitative competition with capped 9S-globin mRNA since it 
inhibited translation of this capped messenger but not the 
uncapped polyuridylic acid messenger. 
Photoaffinity labelled compounds have proven to be excellent 
tools for investigating reactive sites and receptor sites of 
macromolecular complexes that are difficult to approach because of 
intricate location or delicate changes in structure and function 
8 
compared with the structure and function of the natural 
receptor.^ It is now possible to study particular molecules, 
atoms and bonds. The method was first used by Westheimer in 1962 
in which he reported the use of a diazoacetyl compound as a probe 
38 
to explore the receptor site in chymotrypsin. Of the many 
labels used since then, the azido (N^-) group has been used in the 
39 production of nitrene radicals. Ribosomal functional sites have 
40 
been subjected to photoaffinity labelling by many investigators. 
In our lab the photoaffinity probe, [^C]m^N^GMP, was photolysed 
in the presence of an active protein-synthesizing system and crude 
IF preparation. Upon irradiation with ultraviolet light, the 
azido group reaches an excited state and then may relax to the 
ground state with release of equivalent energy. It may form an 
azide radical or a nitrene. The primary photochemical reaction 
products of azides are nitrenes, which can occur in two electronic 
structures, i.e., singlets and triplets, containing paired or 
unpaired electrons, respectively. The two electronic isomers 
differ drastically in their reactivities (equation 1) and only 
singlet nitrenes are of general usefulness in photoaffinity 
labelling. 
light _ +HX-Protein 
R-N-N=N f R-N > R-NH-Protein 
-N2 Insertion 
+HX-Protein HX-Protein 




Triplet nitrenes usually abstract-hydrogens and convert into 
corresponding amines and only rarely have insertion reactions been 
observed. Upon 254nm irradiation, the nitrene is formed and may 
undergo the following reactions in the protein synthesizing system: 
1) insertions 





With the cap analog in the mRNA binding site on the ribosome 
complex, the nucleophilic nitrene could possibly react with 
protein or RNA. Possible nucleophilic interaction might be with 






The result would be covalent bond formation. The photochemical 
reaction mechanism remains to be worked out but some possible 
reactions are as follows: 
N®m?GMP  * *N®m7GMP (2) 
*N®m7GMP 
8 7 
 » N^m GMP + hv or heat (3) 
10 
*N8m7GMP —» :N m7GMP + N2 (f) (4) 
:N m7GMP + H+ •  *+H:N m7GMP (5) 




+H:N m7GMP + H20 * *H0 HN m
7GMP + 1/2 H2 (7) 
+H:N m?GMP + S   —¥ SHN m7GMP (8) 
or for azide radical formation 
*N83m
7GMP  » m?GMP + N3« (9) 
After binding a specific ligand an investigator must then 
isolate and identify the bound entity. Protein identification is 
a wide area and includes a vast number of techniques. Ribosomal 
proteins have been identified by many methods, such as polyacryl¬ 
amide gel electrophoresis, two-dimensional electrophoresis, ion 
exchange chromatography, sucrose gradients, CsCl density 
41-45 
gradients, and specific antibody binding. Some methods of 
identifying initiation factors are chromatofocusing, affinity 
chromatography, SDS-Polyacrylamide gel electrophoresis, PAGE, ion 
exchange chromatography and membrane filter techniques. The 
problems encountered in initiation factor characterization are 
caused by inefficient methods of isolating ribosomes, from which 
initiation factors are subsequently extracted with high salt 
washing. Theoretical yields of ribosomes are given as 12.5 mg out 
of 250 mg (rat liver) and actual yields of initiation factors are 
on the order of 0.5-1.0 mg out of 250 mg. The initiation factors 
themselves range in molecular weight from 15,000 daltons 
13 
(polypeptide) to 700,000 daltons (9 polypeptides)(Table 1). 
11 








elFl 15,000 1 promotes mRNA binding 
eIF2 150,000 3 forms ternary complex 
with Met-tRNA and GTP 
eIF3 ca. 700,000 ca. 9 promotes Met-tRNA and 
mRNA binding; dis¬ 
sociation 
eIF4A 49,000 1 promotes mRNA binding 
eIF4B 80,000 1 promotes mR.NA binding 
eIF4C 17,500 1 promotes Met-tRNA 
binding 
eIF4D 16,500 1 stimulates Met- 
puromycin 
eIF5 150,000 1 required for 80S 
complex formation 
C0-eIF2 22,000 1 stimulates ternary 
complex formation 
cap binding 24,000 1 binds to cap of mRNA 
a 
This table was taken from the text Ribosomes - Structure Function 
and Geççtics 
(1979). 
, page 467. Original Author, J. W. B. Hershey 
12 
A combination of methods are used in this investigation to 
detect the interaction of initiation factors with the 
photoaffinity binding probe [^CJ-m^N^GMP. They include 
one-dimensional electrophoresis, affinity chromatography, and 
chromatofocusing of the photoaffinity labelled and radioactive 
labelled initiation factors. This investigation will provide 
valuable information in the characterization of natural capped 
rabbit 9S-globin and non-capped eukaryotic mRNA IF interation. 
REVIEW OF LITERATURE 
Electrophoresis, Affinity Chromatography, Chromatofocusing 
Electrophoresis 
The relative movement of charged species within an electric 
field due to an applied electric potential is known as electro- 
46 
phoresis. The technique first appeared on record in 1809. Reuss, 
a Russian physicist, noted the movement of particles of a colloidal 
clay suspension when the force of a voltaic pile was applied to the 
simple apparatus. The theories and techniques have been extensively 
developed since that time to allow biochemists today to investigate 
complex mixtures of macromolecules. 
Hardy's electric mobility experiments, 1899, showed that 
negatively charged particles of denatured egg albumin could be made 
positive by the addition of acid.^ Mobility of the proteins varied 
directly with the change in pH and the pH at which there was no 
mobility was called the isoelectric point. He also showed that 
proteins have amphoteric surfaces. 
Quantitative studies showing that rate of migration of 
particles in an electric field is a linear function of the potential 
48 
gradient had been investigated by Quincke in 1861. 
49 50 
Ellis and Powis studied electrophoretic migration, the 
relationship between mobility and surface charge or surface 




The name "electrophoresis" was given to the migration of 
colloidal ions in an electric field by Michaelis in 1909.^ He 
determined the isoelectric points of some enzymes by noting their 
52 
migration at various pH's. Abramson alone and also with 
53 
Michaelis performed numerous experiments to show that there was no 
difference in electrophoretic mobility of proteins even though there 
was wide variation in their characteristic shape and size. In the 
54 55 
1920's and 1930's, Svedberg, working with Jette and Scott, used 
the method of optical observation of proteins during electrophoresis 
to determine direct measurements of migration, Svedberg also worked 
with Tiselius^ to improve this method which gave only approximate 
values due to the lack of definition of boundaries and the small 
56 distance involved. This apparatus was further modified by 
Tiselius, who adopted the moving boundary method for the study of 
proteins.^ Tiselius was the first to show that serum is composed 
of albumin and alpha, beta and gamma globulins, for which he 
received the Nobel prize in 1948. The most important improvement 
Tiselius instituted was the method of observing protein boundaries 
utilizing the "schlieren” or shadow method. With the work done from 
1920-1950 the technique of moving boundary electrophoresis using the 
famous U-tube was the method of choice. The problems of convection 
currents and difficult direct observation led to the development of 
new physicochemical techniques. 
15 
The attempt to stabilize supporting mediums for zone 
58 
electrophoresis resulted in the introduction of starch grains, 
filter paper,^ starch gels,^^ cellulose acetate,^ agarose,^ and 
acrylamide. Acrylamide electrophoresis development eliminated 
the problems of convection currents, difficult direct observation, 
electroosmosis, poor resolution of protein bands, and lengthy 
separation times. 
Our group also makes use of molecular weight determination of 
proteins using the sodium dodecyl sulfate polyacrylamide gel 
electrophoresis technique of Laemmle.^ 
Affinity Chromatography 
The technique of affinity chromatography exploits the unique 
biological specificity of the protein-ligand interaction.^ ^2 ^he 
concept is realized by binding the ligand to an insoluble inert 
support and packing the support into a chromatographic column. In 
principle only proteins or other macromolecules with appreciable 
affinity for that ligand will be retained on such a column while 
other molecules will pass through unretarded. The specifically 
adsorbed protein can then be eluted by altering the composition of 
the solvent to favor dissociation. The technique is applicable to 
purification of macromolecules, separation procedures, concentration 
of dilute solutions, storage of unstable proteins in immobilized 
form, and investigation of kinetic sequences and mechanisms. The 
method yields a high purity product in an essentially single-step 
16 
procedure. Successful application of the method depends largely on 
how closely the experimental conditions chosen permit the ligand 
interaction characteristic of the components in free solution. 
Careful consideration must be given, then, to the distance 
separating the ligand from the lattice backbone, the flexibility of 
the group interposed between the ligand and the matrix and the 
effects of immobilization on the stereochemistry of the ligand. All 
are important parameters which can influence the association and 
dissociation of the desired compound to the affinity ligand. 
Chromatofocusing 
Chromatofocusing is a new high resolution technique that 
recognizes the characteristic physical parameter, isoelectric point 
(pi), the pH at which the molecule has no net charge. This method 
was first described by Sluyterman et^ al_ in 1977,^ ^ an(j uses a 
/ stabilization medium, sepharose cross-linked beads, and the 
formation of a pH gradient within that medium by way of amphoteric 
buffering compounds. Chromatofocusing uses a titration reaction to 
create the pH gradient and its resolving ability is comparable to 
isoelectric focusing. The stability of the gradient is no longer a 
problem because it is defined by the rate of titration, a 
controllable parameter, and the linearity of the gradient equals or 
exceeds that of isoelectric focusing. The chromatofocusing method 
is performed in the same columns as gel filtration, affinity, or ion 
exchange chromatography. 
17 
The mechanism of protein separation in chromatofocusing 
involves the interaction of two related phenomena: pH gradient 
formation and a focusing effect. 
A net anionic buffer exchange group immobilized on cross-linked 
Sepharose 6B beads, initially equilibrated at a high pH, is packed 
into a chromatographic column, the Polybuffer Exchange gel (PBE). 
Titration of the column with a special amphoteric buffer species in 
the mobile phase adjusted to a lower pH causes an internal pH 
gradient to form within the column. Proteins applied to the 
exchanger move within the column according to the charge they assume 
within the gradient. Negatively charged proteins bind to the gel; 
positively charged materials are repelled quickly from the 
positively charged gel; neutral materials move down the gel at the 
rate of pH gradient formation. 
Sluyterman predicted that if there was a sufficiently large 
buffer capacity difference between the stationary phase and the 
mobile phase, a net concentrating or focusing effect would result.^ 
A focusing effect is achieved by creating conditions such that the 
rate of titration is about ten times slower than the rate of linear 
eluant flow. If the eluant flow exceeds this rate, the protein will 
be forced to accumulate at that point on the gradient where 
attraction to the gel exceeds the motive force of the mobile phase. 
In chromatofocusing, a dynamic equilibrium occurs between the 
protein and the gel, in which the protein is forced into a sharp 
18 
zone by the eluant flow on one side and the attraction of the anion 
exchanger on the other side. Within this zone the protein is at 
equilibrium with all forces involved and throughout the column these 
zones are formed and broken down many times before the protein 
elutes off the column at its pi. In order for each protein to move 
at its pi, the gradient must be linear and for the gradient to be 
linear, the buffering capacity of both the gel and the eluant must 
be linear over a wide range of pH. 
EXPERIMENTAL 
Materials 
Assay components for rabbit reticulocyte protein were 
obtained from Miles Laboratory and Sigma Chemical Company. HEPES 
(N-2-Hydroxyethylpiperazine-N'-2-ethanesulfonic acid), ATP, GTP, 
creatine phosphate, creatine phosphokinase, DTT (Dithiothrietol), 
MgOAc, KC1, 19 unlabelled amino acids; poly U and rabbit 9S-globin 
mRNA were also utilized. 
Electrophoresis materials. Electrophoresis grade acrylamide, 
pyronin Y, bisacrylamide, TEMED (N,N,N',N'-tetramethylethylene- 
diamine), agarose, ammonium persulfate, sodium dodecyl sulfate and 
2-mercaptoethanol were obtained from Bio-Rad Laboratories, 
Rockville Centre, New York. Na2~EDTA (Ethylenediamine tetraacetic 
acid), urea, boric acid, Trizma base, tris-HCl and coomassie blue 
dye were obtained from Sigma Chemical Company. 
Rabbit reticulocyte lysate was obtained from Bethesda 
Research Laboratories or made from reticulocyte rich blood from 
Pel-Freez Biologicals, Rogers, Arkansas. 
[^CIH/N^GMP; GMP, NaN^ and Dowex-1 and -2 were obtained 
from Sigma; DEAE-Sephadex A-25 from Pharmacia; dimethyl formamide, 
14 
dimethyl sulfate and triethylamine, from Aldrich, and C-dimethyl 
sulfate from New England Nuclear. 
Affinity Chromatography Materials. A 1.0 cc plastic syringe 
was obtained from Fisher and the sepharose-coupled m^GMP resin was 
19 
20 
synthesized in our lab by Dr. N. K. Bose; other items obtained 
from Sigma were NaHC03, HC1, NaCl, H20, buffer A (20 mM HEPES, pH 
7.0, 1 mM DTT, 0.2 mM EDTA, 10% glycerol (v/v), containing 0.10 M 
KC1), buffer B (20 mM HEPES pH 7.0, 1 mM DTT, 0.2 mM EDTA, 10% 
(v/v) glycerol containing 1.0 M KC1), and w-aminohexyl sepharose 
4B; Buchler fraction collector and a Beckman ACTA II 
spectrophotometer with 280 nm UV and visible monitor. 
Chromatography Materials: Polybuffer exchanger (PBE) 118 and 
Pharmalyte, pH 8-10.5, were obtained from Pharmacia Fine 
Chemicals, Piscataway, New Jersey. A Buchler fraction collector, 
a column chromatography column (1.5 cm x 25 cm) and a Beckman A^TA 
II spectrophotometer were used. 
Methods of Procedure 
Isolation of Rabbit Reticulocyte IFs. Rabbit reticulocyte lysates 
from Bethesda Research Laboratories or rabbit reticulocyte whole 
blood from Pel Freeze Biologicals, were used as a source of rabbit 
reticulocyte initiation factors. The plasma fluid (or 
supernatant) is removed and the packed red cells are resuspended 
in isotonic saline and centrifuged four times. The packed red 
cells are then lysed in an equal volume of ice cold distilled 
water and loaded into SW 50.1 centrifuge tubes (5 ml capacity). 
The lysate is centrifuged at 100,000 x g for 3 hours and the 
supernatant saved for the mRNA, tRNA, and elongation factors. The 
polysomal pellet is then resuspended in 0.5M KC1 with a slow 
swirling motion. The solution is then adjusted to 3 mM MgC^, 
21 
10 mM Tris-HCl, 1 mM ATP, 1 mM puromycln, 5 mM creatine phosphate, 
6 yg/ml creatine phosphokinase, 5 tnM GTP, 10 mM mercaptoethanol 
and incubated for 15 minutes at 37°. This stripped the ribosomes 
of initiation factors and mRNA. The solution was then centrifuged 
for 4 hr at 100,000 x g in a Beckman SW 50.1 rotor. The super¬ 
natant containing crude initiation factors was dialyzed for 12 hr 
against 50 mM KC1 (200 times the sample volume). Samples are 
stored in a -70° Revco Freezer. 
Rabbit Reticulocyte Translation Assay. The standard assay was 
composed of the following components: 25 mM HEPES buffer (pH 
7.4), 1.0 mM ATP, 75 mM GTP, 6.0 mM creatine phosphate, 6.2 yg/ml 
creatine phosphokinase, 0.25 mM CaC^» 6.25 yM hemin, 4 mM 
2-mercaptoethanol, 1.2 mM MgAc, 150 mM potassium acetate, 60 yM 
spermine phosphate, 37.5 yM of each of 19 unlabelled amino acids, 
3 
0.50 mM EGTA, 0.20 yci/tube H phenylalanine, 3.0 A2^Q units 
rabbit reticulocyte lysate and various concentrations of poly (U), 
9S rabbit globin mRNA and synthetic or commercial cap analogs 
(Table 2). These components were mixed in a total volume of 40 yl 
and incubated at 25° for 1 hr. The reaction was stopped by adding 
1 ml of cold 10% trichloroacetic acid (TCA) and then heated at 
90-100° for 20 min. The precipitates formed were chilled on an 
ice bath and collected on GF/A glass fiber filters which had been 
presoaked in cold 10% TCA for an hour. The filters were each 
washed with 20 ml of cold 10% TCA and 5 ml of cold 90% ethanol. 
The filters were placed in glass scintillation vials and 1 ml of 
tissue solubilizer (Protosol) was added. The vials were capped 
22 
Table 2. Standard Assay Components for mRNA Translation in the 
Rabbit Reticulocyte Cell-Free Protein-Synthesizing 
System. 
HEPES Buffer (pH 7.4) 25.00 mM 
ATP 1.00 mM 
GTP 75.00 mM 
Creatine Phosphate 6.00 mM 
Creatine Phosphokinase 6.20 Ug/ml 
Hemin 6.25 yM 
Calcium Chloride 0.25 mM 
Sodium Chloride 17.50 mM 
EGTA 0.50 mM 
Unlabelled Amino Acids (Minus Phe.) 37.50 y M 
Potassium Acetate 150.00 mM 
Magnesium Acetate (with Poly (U)) 2.50 mM 
Magnesium Acetate (with 9S-Globin) 1.20 mM 
3 
H-Phenylalanine 2.00 y ci/tube 
Reticulocyte Lysate 3.00 A260 Uni 
mRNA: Poly (U) or 500.00 yg/mi 
9S-Globin 10.00 y g/ml 
DTT 2.00 mM 
23 
and incubated at 55° for one hr then cooled to room temperature. 
Five ml of non-aqueous scintillation fluid was added, vials 
capped, thoroughly shaken and then counted for 10 min in a Beckman 
LS-7000 scintillation counter. The standard assay showed high 
3 
levels of incorporation of H-phenylalanine into peptide chains 
(up to 25 fold incorporation as compared to the control reading). 
Synthesis of Cap Analogs with Photoaffinity Labels. Dr. Bose 
synthesized photoaffinity labels of Guanosine monophosphate (GMP) 
37 
by modification of Haley's method. It involves the bromination 
at room temperature of 5'GMP followed by the reaction of 
triethylammonium azide in dimethylformamide under anhydrous 
conditions. 8-Azido-GMP (0.005 mM) was dissolved in 1.5 ml of 
distilled water and its pH adjusted to 3.5. To this stirred 
14 
solution was added 0.027 mM C-dimethyl sulfate in small 
quantities (50 microliters) over a period of one hour. This 
solution was stirred for an additional 3 hrs and the pH was kept 
between 3.5-4.5. The reaction mixture was applied to a DEAE- 
Sephadex A-25 column (1x30 cm). The column was eluted with 150 ml 
distilled deionized water. The chromatogram was developed with a 
linear gradient of 0-0.3M triethylammonium bicarbonate, pH 7.5. 
14 
Five milliliter fractions were collected, the C counts per 
minute were determined and the peaks of highest radiation were 
determined and pooled. The pooled fractions were evaporated to 
24 
dryness at 20-25° at 1 mm of pressure. Excess of triethylammonium 
bicarbonate was removed by washing with (5-10) ml of anhydrous 
methanol and subsequent evaporation or freeze drying. The 
14C-m7N®GMP was obtained in dried form and stored at -70° until 
further use. 
Preparation of 8-(6-Aminohexyl)-amino-m^GMP Ligands for 
Affinity Chromatography. 8-(6-aminohexyl)-araino-m7-GMP- 
Sepharose-4B affinity chromatography resin was prepared in our lab 
73 
by a modification of the procedure of Kapmeyer et^ _al. In 
addition, deuterium exchange studies were performed which 
indicated that one result of N-7-methylation was the activation of 
the C-8 proton which made this procedure possible. w-Aminohexyl- 
sepharose 4B (10 ml) was stirred in borate buffer (30 ml) at pH 
9.3 at room temperature, to which was added p-nitrobenzoylazide in 
40Z DMF. The mixture was allowed to stir gently for two hours and 
then allowed to stand overnight at 4°. The mixture was filtered 
and washed several times with 50% DMF-water. The material was 
then suspended in 100 ml of 0.1M Na2S20^ containing 0.5 M NaHCO^. 
This mixture was heated in water bath (40-50°) for four hrs, then 
filtered and washed with 0.5N HC1. The material was stirred in 
0.5N HC1 (30 ml, in an ice bath) for an hour. To this was added 
50 ml of 0.1N NaNÜ2 and stirred the solution for an additional 
fonr hrs in an ice bath. The material was filtered and washed 
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in cold borate buffer at pH 8.0. The material was suspended in 50 
ml of borate buffer pH 7.4 (ice bath) and m^GMP (20 mg) was added 
and the solution stirred for four hours and then allowed to stand 
overnight at 4°. The affinity resin was filtered and washed 
several times with water and then suspended in column equili¬ 
bration buffer. 
Photoaffinity Binding Assay. The photoaffinity binding assay was 
carried out in a cell-free rabbit reticulocyte translation system. 
In a total volume of 3.2 ml was included 1.6 ml of rabbit 
reticulocyte lysate, 12.5 mM ethylenediaminetetraacetic acid 
(EDTA) , 2.0 mM dithiothreitol (DTT), 6.25 mM creatine phosphate, 
6.25 yg/ml creatine phosphokinase, 0.25 mM CaC^» 0.50 mM (EGTA), 
17.5 mM NaCl, 150 mM KOAc, 1.2 mM MgOAc, 25 mM (HEPES) pH 7.5 with 
KOH, 1 mM ATP, 75 mM GTP, 37 mM unlabelled amino acids (minus 
3 
phenylalanine), [ H]-phenylalanine (18.1 yci/mMole), 65 mg/ml 
rabbit 9S-globin messenger and 5 mM [^C]-m^N®GMP (19.1 x 10^ 
CPM/mole). The assays were carried out at room temperature in the 
dark. The translation system in a small test tube was photolysed 
with a 254 nm ultraviolet lamp for 45 min. The lamp was 3 cm from 
the assay tube and emitted radiation of 400 watt/cm . The assay 
sample was exhaustively dialyzed in Spectraphor dialysis tubing 
(with an exclusion limit of 2000 daltons) against 250 ml of 60 mM 
Tris-Cl (pH 8.4) containing 0.2M beta-mercaptoethanol. Exhaustive 
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dialysis proceeded with three changes of buffer. The sample was 
dialysed for 8 hrs with each of the buffer volumes of 250 ml. The 
sample was lyophilized and dissolved in 300 microliters of protein 
dissociation buffer containing 60 mM Tris-Cl (pH 6.8), 1.3% sodium 
dodecyl sulfate (SDS), 0.18M beta-mercaptoethanol and 10% glycerol. 
Samples were saved throughout the assay procedure to be run 
later with SDS PAGE. Twenty-five (25) microliter samples were 
saved as follows: 
1- rabbit reticulocyte lysate 
2- entire translation system at time 0 
3- for each 10 minute interval of the 
translation/photolysis time period 
4- after exhaustive dialysis. 
All samples were treated for SDS-PAGE by adding one half 
volume of the protein dissociation buffer, placing in boiling 
water bath for 5 min and centrifuging at 15,000 rpm in a 
microfuge. All supernatant fractions were saved and run on 
SDS-PAGE (12% Acrylamide). 
Lyophilization (Freeze Drying). A cleaned Buchler sample holder 
was filled to 25% of its total volume. The sample was quick 
frozen in a bath of acetone and dry ice. The sample was frozen in 
a shell around the surface of the container to increase the sample 
surface area exposed to the vacuum. The sample is then attached 
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to the Buchler freeze dryer which had been precooled to -50° and 
in which a vacuum had been pulled to at least 25 microns. The 
sample was dried until all signs of ice had disappeared (usually 
overnight). The sample was then stored in a dessicator containing 
CaCl2 or in a -70° Revco freezer. 
14 3 
[ C]-Formaldehyde and f H]-Acetic Anhydride Treatment 
of Crude Initiation Factors. Crude initiation factors (0.1 mg/0.1 
ml) at pH 9.0 (with 0.1N NaOH) were cooled on ice. Ten 
14 
microliters of 40 mM C-formaldehyde was added and allowed to set 
for 30 secs. Four sequential additions of 2 pi of sodium 
borohydride (5 mg/ml) were added (while shaking the sample). 
After 1 min an additional 10 yl of sodium borohydride was added 
and allowed to stand for 2 hrs. This solution was placed in 
Spectraphor dialysis tubing (2000 dalton exclusion limit) and 
exhaustively dialyzed against 40 mM Tris-HCl buffer, pH 7.0, to 
14 14 
remove free C-formaldehyde and excess salts. The C-labelled 
initiation factors were freeze dried, weighed and stored for 
further analyses. 
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[ H]-acetic anhydride (10.8 mci, 1.1 mg per 10 y 1 of dioxane) 
was reacted with 400 yg (2.0 yg/ml) and 40 yg (0.2 yg/yl) of 
rabbit reticulocyte crude initiation factors. IFs were prepared 
in 200 yl volume (100 mM Na2HP0^, pH 7.0) and added slowly to the 
acetic anhydride on ice. The acetylation of amine (-NH2) groups 
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was allowed to proceed for 30 mins. The reaction mixture was 
dialyzed overnight in three changes of distilled deionized water, 
freeze dried and stored for further analysis. 
For SDS-PAGE the dried labelled initiation factors were 
resuspended in sample dissociation buffer and placed in a boiling 
water bath for 5 mins. 
For sepharose coupled-m^GMP affinity chromatography, the dried 
labelled initiation factors were resuspended in Buffer A 
containing 0.1M KC1. 
For chromatofocusing the dried labelled initiation factors 
were resuspended in Pharmalyte eluent buffer pH 6.0. 
Sepharose-Coupled m^GMP Affinity Chromatography 
of Cap Binding Proteins. Sepharose-coupled rn^GMP resin was 
collected by filtration, washed successively with 25 ml each of 
0.1M NaHC03 (pH 7.0), 1 mM HC1 (pH 3.0), 0.5M NaCl, H20, and 
finally, buffer A (20 mM HEPES, pH 7;1 mM DTT;0.2 mM EDTA;10% 
(v/v) glycerol) containing 0.1M KC1. Resin was packed in a 1 ml 
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disposable syringe eluted with buffer A. 
Initiation factors prepared from high salt wash of rabbit 
reticulocytes were lyophilized and dissolved in buffer A. Ten 
milligrams of crude initiation factors were applied to the column 
and washed with 50 ml of buffer A to remove unbound materials (20 
drop fractions were collected, 0.7 ml each). Bound material was 
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eluted in buffer B (20 mM HEPES, pH 7.0/1 mM DTT/0.2 mM EDTA/10% 
(v/v) glycerol) containing 1.0M KC1 and 20 drop fractions were 
collected. The ^280 eluti°n profile showed distinct separation of 
bound (initiation factors) and unbound proteins indicating good 
column binding activity. Bound fractions were separately pooled 
and lyophilized for further characterizations. 
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Chromatofocusing of [ H]~ and [ C|-Formaldehyde 
Initiation Factors. A 20 ml chromatographic column (19 cm x 1.50 
cm) was packed with a slurry of Polybuffer Exchanger (PBE) 118, an 
anionic exchanger, and equilibrated to pH 11.0 with 0.025M 
triethylamine-HCl starting buffer. Pharmalyte pH 8-10.5 buffer 
was diluted 1:45 with distilled deionized water and the pH 
adjusted to pH 6.0. Approximately 1.5 column volumes of properly 
adjusted Pharmalyte eluent buffer was allowed to pass through the 
column. The samples of initiation factors were suspended in pH 
6.0 Pharmalyte eluent buffer and applied to the column. Four (4) 
ml fractions were collected and counted for radioactivity. Peak 
fractions were pooled and assayed for their effect upon the in 
vitro translation in the rabbit reticulocyte system. The amount 
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of protein per sample was determined using the method of Lowry. 
SDS-PAGE (Sodium Dodecyl Sulfate-Polyacrylamide 
Gel Electrophoresis). A 12% polyacrylamide gel solution 
containing 0.1 ml of 10% ammonium persulfate, 7.5 ul of 
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tetramethylenediamine (TEMED) 0.1% SDS and 0.375M Tris-Cl (pH 8.A) 
was prepared and poured into assembled slab gel operators and 
allowed to polymerize overnight (10-15 hrs). This was the 
separating gel on top of which was added a stacking gel consisting 
of 3% polyacrylamide, 0.125M Tris-Cl (pH 6.8), 0.1 ml of 10% 
ammonium persulfate (APS), and 5 ul of tetramethylenediamine 
(TEMED). The stacking gel was allowed to polymerize for one hour 
forming sample wells with the sample well formers. The gel 
surface was then dried and all the treated samples were carefully 
applied and overlayered with electrode buffer. The buffer tank 
was filled with tris-glycine buffer containing 8 g Tris, 0.38M 
glycine and 0.1% SDS per liter. The samples were electrophoresed 
at 25 ma constant current per slab gel for 6-8 hrs. The gels were 
removed and stained in 0.25% Coomassie Brilliant Blue-R 250 in 46% 
methanol and 9% acetic acid for 15 mins. The gels were destained 
and stored immediately in 10% methanol and 7% acetic acid until a 
photograph was taken. 
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Fluorography♦ Polyacrylamide gels containing tritium [ H] and/or 
[^C] label were frozen immediately after electrophoresis and 
sliced in 1 mm slices on a Bio-Rad gel slicer. One gel slice was 
Ithen placed in the bottom of each vial (about 160 vials for a 16 
cm gel) and 0.5 ml of 30% hydrogen peroxide (H2O2) was added to 
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dissolve the gel and sample. Vials were capped very securely to 
prevent the entrance of moisture and incubated at 50° overnight. 
After being cooled to room temperature, the samples were mixed 
with 5 ml of aqueous scintillation fluid and counted in a Beckman 
LS-7000 Scintillation Counter. 
RESULTS 
9S-Globln mRNA Directed Protein Synthesis 
To demonstrate synthesis of protein using 9S-globin mRNA and 
rabbit reticulocyte lysate, two in vitro translation assays were 
carried out simultaneously. The experiment consists of setting up 
two assays containing all necessary components for protein 
synthesis to occur (see Table 3). If the mRNA was left out of the 
assay, then, theoretically, there should have been no protein 
synthesis. The rabbit reticulocyte lysate contained a small 
amount of endogenous mRNA, however, and a background level of 
protein synthesis took place. The mRNA was left out of assay 1 to 
demonstrate the endogenous level of protein synthesis in this 
system and to show a background for the specific synthesis of 
9S-globin mRNA protein in assay 2. 
The assays containing the components listed in Table 3 (assay 
1 lacked mRNA) were incubated for 45 minutes at 37°, the protein 
precipitated with cold trichloroacetic acid, the precipitate 
3 
collected on glass fiber filters, and incorporated H-phe 
determined by scintillation counting. 
Endogenous mRNA(s) in the translation system gave 895 cpm of 
3 
H-phe. With the addition of 10 pg of 9S-globin mRNA per ml of 
rabbit reticulocyte to assay 2, the level of incorporation of 
3 
H-phe was 32,079 cpm. This was 31,184 cpm above the background 
32 
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Table 3. Photolytic Binding in Rabbit Reticulocyte In Vitro Translation Assay with [ CJ-N^GMP. 
Assay No. [U]m7N®GMP 
14 8 
[ C]N°GMP [3H] phe CPM [14C] CPM Cold phe % Inhibition 
l3 — — 895 — — — 
23 — — 31,184 — — — 
3a — 5mM 561 436 — 98.2 
4b — — b — — — 
5b — 5mM — 605b 0.7 4mM b 
6C — 5mM — 1,200C 0.74mM c 
7d 5mM — — 12,000 0.74mM — 
3 = Trichloroacetic Acid precipitates collected on GF/C millipore filters 
b = SDS-PAGE and Fluorography (See Figures 6 and 7) 
C = Applied to Sepharose m7GMP column (see Figure 5) 
d = Exhaustively dialysed to determine % binding (15.58%) 
All assays, 1-7 were incubated for 45 minutes at 37° in the dark and photolysed for 20 min with a 
short wave (254 nm) lamp. Assays 1, 2 and 3 were prepared for GF/C millipore filtration and 
subsequent scintillation counting. Assays 4, 5 and 6 were inhibited in an ice bath. Four and 5 
were exhaustively dialyzed, lyophilized, run on SDS-PAGE assay assay five prepared for fluorography. 
Assay 6 was applied to an muMP Sepharose Affinity column, chromatographed and analyzed. Assay 2 
showed a 35.8 fold increase in translation when compared to a background (Assay 1) of 895 CPM. The 
data prints are not an average of many experiments, but data from selected experiments done under 
the same conditions. 
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shown in assay 1 and demonstrates specific synthesis of the rabbit 
9S-globin gene product. 
Competitive Inhibition of 9S-Globin mRNA Directed Protein Synthesis 
g 
It has been demonstrated previously in our lab that N^GMP and 
other analogs of the mRNA cap structure compete with the 9S-globin 
mRNA and irreversibly inhibit the synthesis of the 9S-globin gene 
product. Here we want to demonstrate that competitive inhibition 
again and also to label protein or RNA in the vicinity of the mRNA 
binding site on the ribosome. To do that we have synthesized a 
cap analog labelled with ^C. The ^CN^GMP absorbs maximally at 
278 nm (see Figure 3). Irradiation of the compound with 254 nm 
wavelength light for 10 minutes was sufficient to cause 
degradation of the azido group absorbing maximally at 278 nm. At 
the same time a shoulder appeared at 232 nm which could be 
absorption of the aminehydroxyl, one possible product of a nitrene 
and water. 
To show that an analog of the 5'-terminus of the mRNA could 
indeed competitively inhibit binding of the 5’-terminus of the 
rabbit reticulocyte 9S-globin mRNA at its binding site on the 
ribosome, a third assay was run simultaneously with assays 1 and 
2. Assay 3 contained the same components necessary for protein 
synthesis to occur, but in addition to these components assay 3 
14 8 
contained a 5 mM concentration of C-N^GMP. The assay was 
incubated the same as assays 1 and 2. In addition, this assay was 
irradiated with 254 nm ultraviolet light for 10 minutes following 













Figure 3. Ultra violet absorption scan of "cap" anç£og,g 
^C-S-azido-S '-guanosine monophosphate ( ^£-N^.gMP). 
Curve A shows the absorption spectrum of C-NgGMP 
before UV photolysis. The max is 278 nm. Curve B 
shows the absorption spectrum after UV photolysis. 
All UV photolysis were done at 254 nm in the dark 
using a shortwave UV mineral lamp. 
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labelled protein. 
Assay 3 yielded 561 cpm as compared to 31,184 cpm for the 
optimally translating system. This clearly demonstrated an 
inhibition of the maximal translation of the system. If we also 
assumed that the cap analogs competed with the 5'-end of the 
9S-mRNA for the mRNA binding site of the ribosomes, it is possible 
for the mRNA binding sites of some ribosomes to be irreversibly 
blocked by the analog. Photolysis of the azido group on the 
analog would yield a reactive nitrene group, which being very 
reactive, would possibly interact in an irreversible, covalent 
manner to protein or RNA in its adjacent surroundings. The 
photolytically activated nitrene is assumed to involve molecular 
components necessary for translation, and especially initiation, 
to occur. The 9S-mRNA translated 561 cpm of protein or 1.8% of 
the 31,184 cpm's in assay 2. 
Demonstration of Association Between Cap-Analogs and Proteins 
One essential accomplishment is the demonstration of an 
association between the cap-analogs and the ribosomal proteins. 
In assays 4-7 an attempt is made to show an association between 
the ribosomal proteins and the cap-analogs. The association 
could possibly be shown both in the assay and outside of the 
assay. SDS-polyacrylamide gels, affinity chromatography, 
chromatofocusing, fluorography, and photolytic binding of a 
labelled analog of the cap-structure followed with exhaustive 
dialysis were used. 
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SDS-Polyacrylamlde Gels and Fluorography 
These assays were done to observe the protein bands in the 
assay with the cap analog and the assay without the analog. Since 
the amount of radiation incorporated via the cap-analog was low, 
fluorography was used to analyze assay 5. Assay 4 and 5 were 
composed of all the components necessary for optimal protein 
translation. Assay 4 was a duplicate of Assay 2 and was run on 
SDS polyacrylamide gels. Assay 5 was different in that it 
14 8 
included a 5 mM concentration of [ CJN^GMP and 0.74 mM 
concentration of cold phenylalamine, used to avoid the overlapping 
ranges of energy emitted by the two beta particle emitters, 
^H-phenylalanine and ^CN^GMP. Translation was allowed for 45 min 
in the dark at room temperature and then photolysis was allowed 
for 20 min. Both assays were dialyzed for 24 hrs against 
electrode buffer consisting of 50 mM Tris base and 375 mM 
glycine, pH 8.3. Both assays were lyophilized, dissolved in 
SDS-PAGE sample buffer, run on an SDS-PAGE slab gel system for 6 
hrs, and stained with Coomassie Blue. Assay 4 was destained and 
photographed (Fig. 4). Assay 5 was destained, cut into 1.0 mM 
slices, treated overnight at 55° with 1.0 ml of protosol and 
14 
counted for C-CPM (Fig. 5). Protein bands that were labelled 
14 8 
were assumed to be bound with the cap analog, CN^GMP. At least 
9 bands were visible from the electrophoretic profile of Assay 4, 
whereas three major peaks were identified from Assay 5 by the 
14 
method of fluorography. The C labelled peaks migrated 68 mm, 72 
mm, and 82 mm, corresponding to proteins of 19,500, 18,400, and 
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Figure 4. Electrophoretic profiles. SDS-polyacrylamide gel 
electrophoresis of various proteins run at pH 8.4 in 
a Tris-glycine buffer system, unless indicated 
otherwise. A 5% acrylamide stacking gel was poured 
on top of a 12% acrylamide gel and samples run at 25 
milliamps constant current for 6 hours. A and B show 
the electrophoretic profiles of high molecular weight 
protein standards from BRL. C shows the profile of 
assay 2, 4 and 6 as compared to crude initiation 
factors and protein standards from BRL. D shows a 
profile of 40S rabbit reticulocyte ribosomal 
proteins. E shows the separation of crude initiation 
factors from the high salt wash of the 80S ribosomal 
pellet of rabbit reticulocytes. F shows a 
two-dimensional electrophoretic profile of 40S 
ribosomal proteins from wheat germ. These gels were 
run on 4% cylindrical acrylamide gels at pH 6.8 in 
one direction and then run in the transverse 
direction at pH 8.3 on 12% acrylamide slab gels. 
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Figure 5. Fluorograph of photoaffinity labelled "cap" binding 
proteins separated by means of,SDS=polyacrylamide gel 
electrophoresis (SDS-PAGE). C-m —N^GMP is added to 
a rabbit reticulocyte in vitro translation system as 
described in Fig. 5; except that Cold phe was used. 
After photolysis the system was dialyzed, lyophilized 
and processed for 12% SDS-PAGE. One millimeter 
slices were cut and processed for liquid 
scintillation counting. 
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16,000 dalton molecular weights, respectively (Figs. 4 and 5). 
m^GMP Sepharose Affinity Chromatography 
In order to see what species from the rabbit reticulocyte 
crude initiation factors and the in vitro translation assay would 
bind to an analog of the cap structure, both a sample of crude 
initiation factors and, at another time, an in vitro translation 
assay (assay 6) were passed through the column. 
Assay 6 consisted of the same components as Assay 5 and the 
same concentrations. However, Assay 6 had twice the quantity as 
Assay 5 and was subsequently put on an rn^GMP sepharose affinity 
14 8 
column. Assay 6 included a 5 mM concentration of CN^GMP and was 
thereby inhibited by the cap analog. If any species with affinity 
for the cap remained unbound to the mRNA or cap analog, then that 
species would be free to bind to the affinity column by way of the 
m^GMP ligand bound there. 
m^GMP sepharose chromatography of a translation assay 
containing ['*'^C]m^N^GMP after photolysis showed that a [^C]- 
labelled protein peak did not bind to the affinity column. If the 
cap analog had been previously cross-linked with proteins on the 
ribosomes or other components in the assay then the cap analog 
would not be free to interact with the m^GMP-group on the affinity 
column. Those proteins along with other non-binding proteins 
would elude first from the affinity column with the use of the low 
salt buffer. All of the labels appeared as one peak from the 
affinity column. The purity of species in the peak was not 
determined. Therefore, at least one entity was detected and 
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others could possibly have been present in the single peak. 
Unlabelled proteins were not identified. However, many have been 
present in other analyses (Fig. 6). 
Many species within the unlabelled crude initiation factors 
interacted with the m^GMP sepharose affinity column. All of these 
proteins (and maybe some RNA) came from a high salt wash of 
isolated ribosomes. Figure 7 indicates strong binding of the 
affinity analog to the initiation factors and possibly other 
ribosomal species. We wanted to demonstrate the usefulness of 
this technique for binding initiation factors and to support the 
unbound species in Figure 6 as being a valid result and to show 
that the affinity column does work. 
Ten milligrams of crude rabbit reticulocyte initiation 
factors were separated on an m^GMP sepharose affinity column. The 
chromatogram was developed with 80 ml of 0.1 M KC1 buffer and 100 
ml of 1.0 M KC1 buffer. This showed that the ligand of the 
affinity column does have affinity for the crude initiation 
factors. The chromatogram of the separation of crude initiation 
factors on an m^GMP sepharose affinity column showed that two 
major A2gQ peaks eluted in the non-bound portion of the 
chromatogram with the use of 0.1 M KC1. With an increase in the 
salt concentration to 1.0 M KC1, the bound proteins eluted in no 
less than 25 peaks. Since only 10 initiation factors have 
been purified and identified, a maximum of 10 protein were 
expected. In the crude initiation factor preparation, there are 









FRACTIONS (4 mil 
Figure 6. Affinity purification of "cap" binding proteins by 
ç^otogffinity labelling on m GMP-coupled Sepharose. 
C-N_GMP is added to a rabbit reticulocyte in vitro 
translation system to yield 85-98% inhibition of 
rabbit 9S-globin translation. After 45 min, the 
system was photolyzed as in F^g. 3 and applied (in a 
1 ml plastic syringe) to an m'GMP-coupled Sepharose 
column. Four milliliter fractions were collected and 















Figure 7. Affinity purification of rabbit Reticulocyte 
initiation factors by means of m'GMP-coupled 
Sepharose. 10 mg of crude initiation factors were 
dissolved in buffer A (20mM HEPES, pH 7.0, ImM DTT, 
0.2mM EDTA, 10% Glycerol (v/v), containing 0.10M KC1) 
and applied to a 1 cc column (plastic syringe) and 20 
drop fractions collected. After unbound proteins 
eluded, bound proteins were then eluted with buffer B 
(same as buffer A, except contains 1.0M KC1). 
Fractions were read at 280 nm. 
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peaks included, yielded a wide range of stimulation of protein 
synthesis. This chromatogram indicates non-specific binding to 
proteins (Fig. 7). A similar separation of a photolysed 
translation assay yielded only one non-bound protein peak, 
indicating that the azido labelled cap analog was previously bound 
and therefore not available for interaction with the m^GMP on the 
sepharose gel (Fig. 6). 
Photolytic Binding of a ^C-labelled m^N^GMP to Some In Vitro 
Translation Assay Components Followed by Exhaustive Dialysis 
This experiment is designed to show that specific proteins 
are bound during the in vitro translation assay and that after 
exhaustively dialyzing the assay all proteins with molecular 
weights greater than 2,000 daltons remain in the dialysis tubing. 
Assay 7 consisted of total volume as was in Assay 6 and 
included ^Cm^N^GMP (Fig. 8) instead of ^CN^GMP. This assay was 
carried out like the others and, in addition, exhaustively 
dialyzed against 3 changes of 250 volumes of pH 8.3 electrode 
buffer containing 50 mM Tris base and 375 mM Glycine for 8-24 hrs. 
14 
The amount of labelled analog ([ C]-CPM) that dialysed into the 
dialysate was noted at the end of each dialysis period. At the 
14 
end of dialysis the volume of sample and the amount of [ C]-CPM 
were determined. The extent of binding was determined as follows: 
% Binding 
["^C ] CPM/volume x volume at finish 
14 














Figure 8. Ultra violet absorption scan of "Cap” analog, 
7-ijieghyl-8-azido-5 '-guanosine-monophosphate 
(tji Curve A shows the absorption spectrum of 
m N^GMP before UV photolysis. The max is 284 nm. 
Curve B shows the absorption spectrum after UV 
photolysis. All UV photolysis were done at 254 nm in 
the dark using a shortwave UV mineral lamp. 
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With this method [^CJ-m^N^GMP showed that 15.58% of the ^C-label 
retained in the dialysis tubing (exclusion limit 2000 daltons). 
This was assumed to be an indication of specific binding. Out of 
12,000 cpm added, 1,872 cpm remained in the dialysis bag at the end 
14 8 
of the dialysis. In assay 3 a similar concentration of C-N^GMP 
gave 98.2% inhibition of the in vitro translation assay. 
Chromatofocusing of ^C-labelled Crude Initiation Factors 
This experiment shows that specific initiation factors were 
labelled and had direct affect on stimulating translation in vitro. 
Crude initiation factors from rabbit reticulocyte ribosomes were 
14 
labelled with C-acetic anhydride and 100 yg was applied to a 
chromatofocusing column equilibrated with 0.025 M triethylamine- 
HC1, pH 11.0. The chromatogram of focused protein was developed 
with 0.0075 mM/ml Pharmalyte eluent buffer, pH 6.0. Four 
milliliter fractions were collected and a 50 yl aliquot of each 
sample analyzed for radioactivity content. The pH of the fractions 
and the protein content of the peak fraction (by Lowery's method) 
were determined. The ability of the peak fractions to stimulate 
optimally translating in vitro systems was also studied (Table 4). 
This experiment showed separated crude initiation factors with 
their pi's ranging from 6.5 to 8.5 (Table 4; Fig 9). Only one 
fraction indicated positive stimulation of protein synthesis 
(Fraction 13 gave 1,092 cpm above the background assay) above the 
amount of synthesis in a complete, optimal system. The major 
Table 4. Rabbit Reticulocyte In Vitro Translation Assay of Chroraatofocused Initiation Factors. 






[ C]phe % 
CPM 
Stimulation Pi 
1   0.0 3,042 100.00 0.0 
2 13 4.080 4,434 145.73 8.31 
3 14 2.640 2,772 -8.88 8.48 
4 15 12.480 2,051 -32.58 8.32 
5 16 7.200 2,819 -7.33 8.28 
6 17 9.360 3,007 -1.15 8.25 
7 20 6.720 2,622 -13.81 8.13 
8 21 6.240 1,791 41.12 8.06 
9 23 1.860 2,412 -20.71 7.91 
10 25 1.240 2,547 -16.27 7.90 
11 26 6.240 2,499 -17.85 7.81 
12 30 10.800 1,974 -35.11 7.62 
13 39 10.800 969 -68.15 7.04 
14 40 9.600 1,625 -46.58 6.86 
15 42 10.560 1,175 -61.37 6.64 
16 50 22.000 979 -67.82 6.54 
17 51 7.680 1,058 -65.22 6.54 
18 75 8.880 854 -71.93 6.53 
All assays were incubated in the dark for 45 mins. Translation was stopped by precipitating the 
protein with 10% trichloroacetic acid and the protei n was collected on GF/C millipore filters. The 
amount of label was determined by scintillation counting and background counts were 1382 CPM. All 
assays had a complete set of components necessary for optimal translation as indicated in Table 2. 













Figure 9. Chromatofocusing of C-labelled rabbit reticulocyte 
initiation factors. Bed height: 19cm (19cm x 
1.5cm). Sample: 100 ug of C-labelled initiation 
factors in 2 ml of pH 6.0 Pharmalyte eluent buffer 
(0.0075 mmol/ml, pH 6.0; polybuffer 96) was applied 
to the Column equilibrated with .025M triethylamine- 
HC1, pH 11.0, starting buffer. Four ml fractions 
were collected and 50 ul aliquots were processed for 
liquid scintillation counting. The pH (ipH) of each 
fraction was also measured. Protein concentrations 
were determined by the method of Lowry. 
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^C-labelled peaks did not contain the highest concentration of 
protein, indicating the possibility of proteins complexed with 
other macromolecules in this peak. Twelve peak fractions 
containing 1000 CPM's or more were analyzed. An informative step 
would be to analyze several large in vitro assays using 
chromatofocusing and identify the azido bound protein. 
DISCUSSION 
Control of protein synthesis, especially initiation, is a very 
important step in determining the amount of protein available to 
the living cells. The cap structure is definitely involved in the 
early translation events and maybe in early transcription as 
well.^"* In this investigation optimal translating systems have 
been inhibited 85 to 98.2% by the cap analogs, ^Cm^N^GMP and 
14 8 
CN^GMP. At the same time low levels of binding, as indicated by 
14 
low retention of C-label in dialysates after exhaustive dialysis 
14 
and low incorporation of the C-labelled probe into protein 
species as indicated via fluorography, show the interaction of the 
probe with some other species to be a potent one. The results of 
Assays 4 and 5 are quite positive and show some probe labels 
migrating with low molecular weight range proteins of 19,500, 
18,400 and 16,000 daltons. Earlier experiments in this lab 
indicate that there is specific binding by different cap analogs 
and that this specificity leads to competitive inhibition of 
binding by the mRNA, hence inhibition of protein synthesis. The 
results also show that after photolysis in the presence of the cap 
14 8 
analog, CN^GMP, the reaction mixture has no affinity for the cap 
analog ligand, m^GMP. This would be expected if all the cap 
structures were previously involved in binding of the mRNA to the 
ribosome or ^CN^GMP. Analysis of chromatofocusing peaks for 
14 
protein content showed that the major C-labelled peaks were not 
50 
51 
the major protein peaks. This Indicated that the protein there was 
complexed with some other molecular species. 
The involvement of small molecular weight proteins in the 
initiation process has been reported as being stimulatory to 
initiation and leaving unclear physiological functions.^ The 
proteins reported here, however, are similar in molecular weight to 
some low molecular weight initiation factors from rabbit 
13 
reticulocytes as those reported by J. W. B. Hershey. Hershey 
states that eIF-1, eIF-4C, eIF-4D, the co-eIF-2 and possibly the 
cap binding protein of molecular weight 24,000, function in 
promotion of mRNA binding, promotion of met-tRNA binding, 
stimulation of met-puromycin binding, stimulation of the ternary 
complex formation and enhancement of mRNA binding via the cap, 
13 14 
respectively. * The results obtained in this investigation 
indicate the identification of three small molecular weight 
initiation factors. 
Other groups have identified small molecular weight proteins 
associated with the ribosome and mRNA interaction.^ Shatkin and 
his coworkers detected a 24,000 molecular weight protein that was 
crosslinked to reovirus mRNA with sodium periodate to form a 
2',3'-dialdehyde on the ribose moiety of the cap m^g* The mRNA was 
reacted with ribosomal salt wash to allow initiation factors that 
interact with the cap to form Schiff bases between primary amino 
52 
groups and the oxidized m^G. The Schiff bases were stabilized by 
reduction with NaGH^CN. This treatment was very harsh and done 
outside of the jLn vitro translation system. Many species can be 
made to undergo reactions not natural or that would not occur in 
vivo. The investigation reported in this paper was done in a 
rabbit reticulocyte lysate translation system. This investigation 
could better indicate the true intracellular interaction. Even 
though there are many other proteins involved in the control of 
translation, the three identified here could be part of that system 
of control. 
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